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Introduction 


Normal  mammary  epithelial  eells/eell  lines  do  not  express  the  erythropoietin  reeeptor  (EpoR), 
while  breast  eaneer  eells  (and  eell  lines)  are  EpoR-positive  (1-3).  Neither  the  funetional 
signifieanee  (4-6)  of  EpoR  on  these  nonhematopoietie  eells  nor  that  of  their  differential 
expression  on  normal  vs.  malignant  mammary  epithelial  eells  is  understood.  Erythropoietin 
(Epo)  has  widespread  elinieal  application  in  the  treatment  of  breast  cancer  (CaBr),  where  it  has 
been  demonstrated  to  relieve  disease-  or  treatment-related  anemia  and  fatigue,  to  improve 
cognitive  function,  and  to  decrease  tumor/tissue  hypoxia.  However,  several  recent  clinical  trials 
have  reported  (7-9)  that  Epo  treatment  of  at  least  some  cancer  patients  (including  CaBr  patients) 
may  be  associated  with  decreased  overall  survival.  Taken  together,  the  data  have  led  us  to 
hypothesize  that  EpoR  acquisition  1)  may  be  part  of  the  process  or  malignant  transformation  for 
mammary  epithelial  cells,  and  2)  the  EpoR  may  be  functioning  like  an  oncogene  for  mammary 
epithelial  cells.  Our  working  hypothesis  in  the  current  grant  is  that  acquisition  of  EpoR  by 
mammary  epithelial  cells  may  influence  the  oncogenic  process  and  that  Epo  may  be  a  growth 
and  survival  factor  for  CaBr  cells.  To  test  our  hypothesis  our  original  grant  application  proposed 
to  insert  the  human  EpoR  into  human  mammary  epithelial  cells  and,  conversely,  to  downregulate 
the  EpoR  in  human  CaBr  cells.  The  effect  of  EpoR  acquisition  (or  loss)  is  to  be  assessed  by  a 
series  of  gain-  or  loss-of-function  studies. 

Body 

Verilication  of  EpoR  status  of  human  mammary  epithelial  and  breast  cancer  cells.  We  started 
our  investigation  by  screening  multiple  human  breast  cancer  (CaBr)  cell  lines,  available  in  our 
laboratory,  for  the  presence  of  EpoR.  The  cell  lines  that  we  selected  varied  in  their  in  vitro  and 
in  vivo  growth  characteristics,  as  enumerated  below  (Table  1). 


Table  I.  CharacterLsticii  of  breast  cancer  cell  lines  used  in  this  study. 


Cell  line 

Tumori^nidty 

in 

Iflvasivtness  in 
vitro 

Fknosype/ 

genotype 

Morphology  on 
pitstk 

ER/PgR 

Other 

MCF-7 

poofly  (esUogen 
defiendeni) 

weakly 

luminal  epithelial- 
like 

polygonal 

+/+ 

typical  epithelial 
markers 

T47D 

poorly  (estrogen 
dependent) 

weakly 

luminal  epithelial- 
like 

polygonal 

+/+ 

typical  epithelial 
markers 

$K-BR-3 

yes 

weakly 

weakly  luminal 
epithelial-like 

dusters  of  weakly 
attached  cells 

-/- 

amplified  ERBB2 

MDA-MB-231 

highly 

highly 

stromal/ 

mesenchemal 

fibroblastoid 

■I- 

over-express 

vimentin 

HI578T 

yes  (sentisolid 
medium) 

highly 

stromal/ 

mesenchemal 

fibroblastoid 

-I- 

over-express 

vimentin 

We  confirmed,  by  RT-PCR,  that  all  of  the  CaBr  lines  we  had  selected  express  the  gene  for  the 
human  EpoR  (Figure  1).  Based  upon  the  RT-PCR  results,  we  concluded,  therefore,  that  MCP7 
(lane  3)  would  be  a  representative  line  to  use  as  our  EpoR-positive  CaBr  cell  line.  We  further 
confirmed  that  the  "normal"  (nontumorigenic)  mammary  epithelial  cell  line,  MCEIOA  (lane  4), 
did  NOT  express  EpoR  and  would,  therefore,  be  suitable  as  our  EpoR-negative  mammary 
epithelial  cell  line. 
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GAPDH - ► 

EPOR - ► 


additional  CaBr  cell  lines 


Figure  1:  RT-PCR  amplification  of  a  485  bp  fragment  of  the  human  EpoR  gene  from  human  breast  cancer  cell 
lines.  RNA  was  prepared  from  all  cells  using  TriZol  reagent,  according  to  manufacturer'  methods  and  used  for 
subsequent  RT-PCR  co-amplification  of  EpoR  and  GAPDH  fragements.  Lane  1:  BaF3  pro-B  cells,  which  lack 
EpoR  (negative  control);  lane  2:  BaF3/EpoR  cells,  transfected  with  the  full-length  human  EpoR  gene  (positive 
control);  lane  3:  MCF7  (EpoR  positive)  CaBr  cell  line;  lane  4:  MCFIOA  (EpoR  negative)  mammary  epithelial 
cells;  lanes  5-8:  additional  (EpoR  positive)  CaBR  cell  lines  -  SKBR,  MDA-MB231,  Hs578T,  and  T47D, 
respectively. 

Downregulation  of  EpoR  in  human  breast  cancer  cells,  using  antisense  technology.  As  proposed 
in  the  original  grant  application,  we  used  pcDNA3.1/EpoR  AS  (pcDNA3.l'^‘^  vector,  containing 
the  full  length  human  EpoR  cDNA  inserted  in  the  "antisense  orientation"  -  i.e.  the  orientation 
that  would  result  in  transcription  on  EpoR  "antisense  message"),  to  transfect  MCE7  cells. 
DOTAP  (Roche)  lipid-mediated  transfection  was  utilized.  Control  cells  were  transfected  with 
empty  pcDNA3.1*^‘^  vector.  This  method  for  downregulation  of  gene  expression  using  full-length 
"antisense  cDNA"  was  selected  because  of  our  previous  success  with  the  method  (and  with  the 
particular  construct)  (10).  hollowing  G418  selection  and  growth  of  G418  resistant  cells,  single¬ 
cell  cloning  resulted  in  the  growth  of  numerous  clones.  Eorty-eight  robust  clones  were  selected 
for  further  growth  and  expansion.  These  cells  have  been  designated  MCE7/EpoR].,  to  designate 
cells  with  downregulated  EpoR. 

Two-step  RT-PCR,  with  gene-specific  primers,  was  utilized  to  determine  1)  how  many  of  the 
selected  MCP7/EpoR|  clones  contained  the  full-length  AS  EpoR  sequence  and  2)  how  many  of 
the  MCE7/EpoRJ.  clones  that  were  successfully  transfected  with  the  AS  construct  had  decreased 
levels  of  EpoR  expression.  Our  survey  showed  that  41  of  the  48  clones  contained  the  full-length 
AS  construct. 

A  problem  that  we  have  encountered  with  our  selected  strategy  of  using  the  full-length  EpoR 
antisense  cDNA  construct  is  that  since  the  AS  and  sense  strands  are  of  the  same  length,  it  has 
been  extremely  difficult  to  determine,  by  RT-PCR,  whether  downregulation  of  EpoR  (sense 
strand)  expression  has  occurred.  We  have  been  able  to  demonstrate  the  presence  of  AS  in  the 
cells,  by  selecting  primers  that  encompass  [portions  of]  the  vector  sequence  as  well  as  the  EpoR 
coding  sequence.  However,  we  have  not  been  able  to  devise  a  primer  set  that  would  be  specific 
for  the  sense  strand  (i.e.  the  actual  cDNA  for  sense  and  antisense  constructs  has  the  identical 
sequence  -  only  their  orientation  is  reversed)  that  would  allow  strand-specific  amplification.  We 
have  made  two  attempts  at  real-time  and  semi-quantitative  RT-PCR  to  detect  strand  specific 
message  (i.e.  downregulation  of  EpoR  expression)  without  success.  Because  MCE7  cells  are  not 
Epo-dependent  (although  they  are  Epo-responsive  -  see  below)  there  is  some  subjectivity  in 
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assessing  whether  and/or  to  what  degree  we  may  have  downregulated  EpoR  expression  in  our 
clones. 

In  discussion  with  colleagues  in  the  laboratory  we  have  come  up  with  two  possible  solutions  to 
this  problem  of  positively  identifying  EpoR-downregulated  clones.  The  first  employs  an  EpoR 
AS  construct  that  is  "tagged",  so  it  would  not  amplify  with  primers  from  sense  sequence.  The 
second  involves  the  use  of  si/sh  RNA,  rather  than  a  full-length  AS  sequence,  for  EpoR  gene 
downregulation.  The  design  and  testing  of  candidate  siRNAs  is  currently  underway  by 
colleagues  in  the  laboratory. 

Insertion  of  the  full-length  EpoR  gene  into  human  mammary  epithelial  cells.  As  proposed  in  the 
original  grant  application,  we  used  pcDNA.3.1/EpoR  (pcDNAS.l*^^  vector,  containing  the  full 
length  human  EpoR  cDNA  as  insert)  to  transfect  (EpoR  negative)  MCEIOA  cells  with  the  human 
EpoR  gene.  As  with  the  antisense  cDNA  transfection  discussed  above,  DOTAP  lipid-mediated 
transfection  was  used  for  each  of  the  three  separate  transfections  we  performed.  Control  cells 
were  transfected  with  empty  pcDNAS.!*"^^  vector.  600  ug  G4 18/ml  was  applied  as  a  selection 
reagent. 

We  have  grown  and  expanded  the  G418-resistant  cells  (designated  as  MCFlOA/EpoR).  A  first 
attempt  at  single-cell  cloning  of  MCFlOA/EpoR  yielded  nearly  100  positive  wells  but  eventually 
failed  due  to  an  unfortunate  incident  of  fungal  contamination  of  the  entire  tissue  culture 
incubator.  A  second  single-cell  cloning  is  in  progress. 

We  utilized  one-step  RT-PCR,  with  gene-specific  primers,  to  amplify  a  485-bp  fragment  of  the 
EpoR  gene  from  MCFlOA/EpoR  cells  derived  from  two  independent  transfectants  (Figure  2). 
This  demonstrates  that  we  were  successful  in  introducing  the  EpoR  gene  into  MCEIOA  cells. 


A. 


GAPDH - ► 

EpoR  - ► 


Figure  2:  RNA  was  prepared  from  (EpoR+)  MCF7  eells,  from  (EpoR-)  MCEIOA  cells,  and  from  two 
independently-generated  preparations  of  MCFlOA/EpoR  cells  (using  TriZol  reagent  and  following  manufacturer's 
recommendations).  EpoR  -specific  primers  were  used  to  amplify  a  485  bp  fragment  of  the  human  EpoR  gene  (a  797 
bp  fragment  of  the  GAPDFl  gene  was  co-amplified  as  loading  control  and  as  a  measure  of  RNA  integrity).  Panel  A 
(left):  The  EpoR  gene  fragment  is  amplified  from  MCF7  cells  (left  lane)  and  from  MCFlOA/EpoR  (right  lane),  but 
not  from  MCFIOA  cells  (middle  lane).  Panel  B  (right):  A  485  bp  EpoR  gene  fragment  is  amplified  from  the 
MCFlOA/EpoR  transfectants  (right  lane),  but  not  from  either  of  two  samples  of  MCFIOA  cells  (middle  two  lanes). 

Investigation  of  changes  in  behavior  of  mammary  epithelial  cells  upon  acquisition  of  EpoR 

expression.  To  reiterate,  our  hypothesis  is  that  acquisition  of  EpoR  expression  by  mammary 
epithelial  cells  may  be  related  in  some  way  to  the  oncogenic  process  in  CaBr.  Therefore, 
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following  transfection  of  MCFIOA  cells  with  the  EpoR  (MCFlOA/EpoR  cells),  we  have  begun 
preliminary  experiments  designed  to  test  the  effect  of  EpoR  acquisition  on  the  in  vitro  biology  of 
the  cells.  These  are  preliminary  experiments,  and  optimal  conditions  are  still  being  worked  out. 
In  addition,  we  will  repeat  all  of  the  experiments  once  we  have  clonal  populations  of 
MCElOA/EpoR  cells. 

One  of  our  initial  observations  is  that  MCElOA/EpoR  cells  appear  to  grow  in  culture  more 
rapidly  than  do  the  "parental"  MCEIOA  cells  (Figure  3).  Of  course,  this  "qualitative" 
observation  needs  to  be  followed  up  with  quantitative  growth  curves  for  the  two  cell  types,  and 
this  work  is  ongoing. 


) 

MCF10A  MCF10A/EpoR 

Figure  3:  Equal  numbers  of  (parental)  MCFIOA  [left]  and  (transfeeted)  MCFlOA/EpoR  [right]  were  plated  in 
standard  growth  medium.  Culture  dishes  were  observed  after  48  hr.  The  qualitative  observation  from  this  initial 
experiment  is  that  the  growth  rate  of  MCFlOA/EpoR  is  faster  than  that  of  the  parental  MCFIOA  eells. 


We  also  wanted  to  determine  whether  acquisition  of  EpoR  affected  colony  formation  in  soft 
agar.  It  has  been  established  that  MCE7  cells  form  colonies  in  soft  agar,  and  our  initial 
experiment,  shown  below,  suggests  that  Epo  stimulates  the  growth  of  MCE7  soft  agar  colonies, 
by  increasing  the  number  of  colonies  formed  (Figure  4).  This  is,  to  our  knowledge,  the  first 
demonstration  of  the  effect  of  Epo  on  MCF7  colony  formation.  MCEIOA  cells  do  not  form 
colonies  in  soft  agar,  and  our  results  confirm  this.  In  the  present  experiment,  at  least  at  the  1- 
week  time  point,  it  is  not  definitive  whether  MCElOA/EpoR  cells  form  colonies  in  soft  agar 
(note:  there  are  some  very  small  colonies  starting  to  appear  in  the  MCElOA/EpoR  wells,  but 
these  do  not  visualize  well  in  the  photographs,  and  we  will  need  to  determine  whether  these 
persist  as  "real"  colonies).  These  cultures  will  be  examined  for  up  to  6  weeks  and,  in  addition, 
we  will  be  working  to  optimize  the  soft  agar  culture  conditions  to  see  if  this  affects  our 
preliminary  observation. 
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MCF10A  MCFIOA/EpoR  MCF7 


-+  1  U  Epo/ml 


(4x  magnification) 


Figure  4:  Growth  of  MCFIOA  (left  column),  MCFlOA/EpoR  (middle  column)  and  MCFlOA/EpoR  (right  column) 
in  soft  agar  culture.  2500  cells  were  plated  per  well,  in  12-well  plates,  in  RPMI  -  5%  FBS  -  0.35%  agarose.  Cells 
were  plated  in  the  absence  (top  row)  or  presence  of  1  U  rhEpo/ml  (bottom  row).  Cultures  were  photographed  after 
1-week  incubation  at  37“,  5%  CO2. 


Finally,  we  have  generated  "ehronieally  Epo-treated"  MCFlOA/EpoR  eells,  by  passing  aliquots 
of  eells  in  the  presenee  of  2U  rhEpo/ml  for  2  months.  These  eells  -  designated 
MCElOA/EpoR"^^^  Epo/ml  _  ready  to  be  tested,  along  side  MCElOA/EpoR  eells,  to 

determine  how  ehronie  Epo  treatment  affeets  their  growth  and  survival. 


Key  Research  Accomplishments 

The  following  points  summarize  the  aeeomplishments  to  date  from  this  grant: 

•  We  have  introdueed  the  human  EpoR  gene  into  EpoR-negative  MCEIOA  mammary 
epithelial  eells 

•  We  have  provided  an  initial  demonstration  that  aequisition  of  EpoR  gene  expression  by 
MCEIOA  eells  (=MCE10A/EpoR  cells)  results  in  faster  cell  growth  in  culture,  even  in  the 
absence  of  exogenous  erythropoietion 

•  We  have  used  antisense  technology  to  downregulate  EpoR  gene  expression  in  MCE7 
cells  (=MCE7/EpoRi  cells). 

•  We  have  provided  what  we  believe  to  be  the  first  reported  evidence  that  Epo  augments 
the  growth  of  MCE7  colonies  in  soft  agar  culture. 

Reportahle  results 

The  following  are  the  direct  result  of  research  funded  by  this  grant: 

•  We  have  established  41  initial  clonal  lines  of  MCF7  breast  cancer  cells  with 
downregulated  EpoR  (=MCE7/EpoRi). 


8 


•  We  have  established  of  two  independent  derivatives  of  MCFIOA  mammary  eareinoma 
cells  expressing  the  human  EpoR  (=MCF10A/EpoR)  -  establishment  of  clonal  cell 
populations  is  in  progress. 

•  We  have  established  subpopulations  of  MCElOA/EpoR  cells  that  have  been  chronically 
Epo-treated  (=MCE10A/EpoR^^’^  Epo/mi^  have  begun  to  compare  the  Epo-treated  and 
untreated  cells  in  culture. 

•  We  have  applied  for  continued  research  funding  (two  grants)  based  upon  this  work  and 
upon  our  working  hypothesis  that  the  EpoR  may  function  as  an  oncogene  in  breast  cells. 

•  We  are  preparing  an  abstract  for  submission  to  the  American  Association  for  Cancer 
Research  annual  meeting. 

Conclusion 

We  successfully  have  introduced  the  EpoR  gene  into  (nontumorigenic,  EpoR  negative)  MCEIOA 
cells  and  have  begun  gain-of-function  studies  aimed  at  determining  how  EpoR  acquisition  affects 
the  in  vitro  biology  of  MCElOA/EpoR  cells.  We  are  continuing  and  expanding  these  studies 
aimed  at  determining  the  effect  of  EpoR  acquisition  on  the  cells. 

We  also  have  used  "antisense  technology"  to  downregulate  EpoR  expression  in  MCE7  CaBr 
cells.  We  have  been  hampered  by  technical  problems  in  detecting  downregulation  of  EpoR  gene 
expression,  but  we  have  begun  to  address  these  problems  by  designing  additional  strategies  for 
receptor  downregulation  in  our  system. 

The  reagents  that  we  have  prepared  and  now  have  at  our  disposal  -  MCEIOA  cells, 
MCElOA/EpoR,  MCElOA/EpoR^^^  MCE7,  MCE7^^^  and  MCE7/EpoRi  -  are 

powerful  tools  that  will  allow  us  to  carry  out  further  studies  designed  to  investigate  the  role  of 
EpoR  (acquisition)  in  mammary  carcinogenesis. 
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